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SYSTEM AND METHOD FOR USING HOT GAS RE-HEAT FOR 

HUMIDITY CONTROL 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application No. 
60/424,929 filed November 8, 2002. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to a humidity control application 
for a cooling system. More specifically, the present invention relates to a method for 
performing humidity control using a hot gas reheat coil in a two stage cooling unit. 

[0003] Some refiigeration systems use a hot gas re-heat control to perform 
humidity control for an interior space. A hot gas re-heat coil is placed immediately 
adjacent to an evaporator and receives air fi-om the evaporator. When humidity 
control is required, the refiigerant fi-om the compressor is passed through the re-heat 
coil instead of the condenser so that the re-heat coil can operate as a condenser to heat 
and fiirther dehumidify the air passing over the re-heat coil. Once the system enters a 
humidity control mode, there is essentially no cooling of the air for the interior space 
because the air being cooled by the evaporator is then being heated by being passed 
over the re-heat coil. Some examples of previous systems for providing humidity 
control are provided below. 

[0004] U.S. Patent No. 6,553,778, hereafter the '778 Patent, describes a muhi- 
stage cooling system having a plurality of independent refiigeration circuits to 
provide a plurality of cooling capacities. The refiigeration circuits have different 
capacity compressors, typically a larger capacity compressor and a smaller capacity 
compressor, which can be controlled and cycled by a controller to obtain different 
cooling capacities. The controller is also used for humidity control. The control 
system operates in a temperature control mode and enters a dehumidification mode 
only if the temperature control mode is unsuccessfiil at maintaining a desired 
humidity level. When dehumidification is required, the control system first attempts 
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to control humidity by engaging the larger capacity compressor. If that is 
unsuccessful, then the larger capacity compressor is operated continuously with re- 
heaters to maintain a desired temperature and, if necessary, the lower capacity 
compressor can be cycled for temperature control. For a smaller load requirement in 
the system, the larger capacity compressor is cycled on in response to a call for 
cooling and/or dehumidification, a re-heater is cycled on in response to a call for 
dehumidification without a call for cooling, and a hot gas by-pass is engaged when 
there is a call for coohng without a call for dehumidification. One disadvantage of the 
*778 Patent is that a reheater (or heater circuit) separate from the refrigerant circuit is 
used to provide dehimiidification. 

[0005] U.S. Patent No, 4,813,474, hereafter the '474 Patent, describes an air 
conditioner that provides dehimiidification. The air conditioner includes a refrigerant 
circuit or cycle with a variable capacity compressor and a reheater arranged in 
association with the indoor heat exchanger. The variable capacity compressor and 
reheater are controlled based on a temperature differential to provide cooling and 
dehumidification. For a large temperature differential, e.g. >3° C, only the variable 
capacity compressor is operated under high capacity to provide cooling. As the 
temperature differential becomes smaller, both the compressor and reheater are 
operated at varying levels to provide the appropriate amounts of re-heat for a given 
temperature differential. One disadvantage of the *474 Patent is that a reheater (or 
heater circuit) separate from the refrigerant circuit is used to provide 
dehumidification. 

[00061 U.S. Patent No. 5,752,389, hereafter the '389 Patent, describes a cooling 
and dehumidification system that uses refrigeration re-heat for temperature control. 
The system has a standard refiigeration circuit with a re-heat coil connected in 
parallel with the outdoor coil and positioned adjacent to the indoor coil. A portion of 
the refrigerant is diverted from the outdoor coil to the re-heat coil to re-heat the air 
during the dehumidification mode, while the remaining refrigerant flows according to 
the regular refrigerant circuit. The amount of re-heat provided by the re-heat coil is 
determined in response to a sensor measurement in the discharge air and a set-point 
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value. One disadvantage of the '389 Patent is that the amount of available humidity 
control is based on the discharge air temperature. 

[0007] U.S. Patent No. 5,345,776, hereafter the 776 Patent, describes a heat pump 
system that has two indoor heat exchangers connected by an expansion valve in a 
single refrigeration circuit. During heating and cooling modes, both indoor heat 
exchangers function as condensers and evaporators, respectively. During 
dehumidification mode operation, the first indoor heat exchanger cools and 
dehumidifies the air and the second indoor heat exchanger heats the cooled air before 
it is supplied to the room. One disadvantage of the '776 Patent is that humidity 
control cannot be provided during a cooling operation. 

[0008] U.S. Patent No. 5,129,234, hereafter the '234 Patent, describes a humidity 
control for regulating compressor speed. The himiidity control is used with a heat 
pump system having a two-speed compressor. The humidity control is a slave to the 
temperature control of the heat pump system in that the humidity control is non- 
functional when the temperature demand has been satisfied. The humidity control can 
override the temperature control to provide enhanced dehumidification. The humidity 
control will typically override a command for low speed compressor operation with a 
high speed command when certain predetermined humidity criteria are not satisfied. 
One disadvantage of the '234 Patent is that humidity control cannot be provided 
without providing cooling to an interior space. 

[0009] Therefore, what is needed is a system and method that can provide both 
humidity control and some cooling to the interior space in response to demands for 
both humidity control and cooling. 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed to a humidity control method for a multi- 
stage cooling system having two or more refiigerant circuits that balances humidity 
control and cooling demand. Each refiigerant circuit includes a compressor, a 
condenser and an evaporator. A hot gas re-heat circuit having a hot gas re-heat coil is 
connected to one of the refrigerant circuits and is placed in fluid communication with 
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the output airflow from the evaporator of that refrigerant circuit to provide additional 
dehumidification to the air when humidity control is requested. The hot gas re-heat 
circuit bypasses the condenser of the refrigerant circuit during humidity control. 
Humidity control is only performed during cooUng operations and ventilation 
operations. During a first stage cooling operation using only one refrigerant circuit 
and having a low cooling demand, the request for humidity control activates the hot 
gas re-heat circuit for dehumidification and activates a second refiigerant circuit to 
provide cooling capacity. During a second stage cooling operation using two or more 
refrigerant circuits and having a high cooling demand, the request for humidity 
control is suspended and is initiated only upon the completion of the second stage 
cooling demand. 

[0011] One embodiment of the present invention is directed to a method of 
providing humidity control to air for an interior space. The method includes the steps 
of providing a first refrigerant circuit having a first compressor, a first condenser and 
a first evaporator, providing a second refiigerant circuit having a second compressor, 
a second condenser and a second evaporator and providing a hot gas re-heat circuit 
connected to the first refiigerant circuit. The hot gas re-heat circuit has a re-heat coil 
positioned adjacent to the first evaporator and is configured, when enabled, to bypass 
the first condenser and to permit refiigerant to flow from the first compressor through 
the re-heat coil to the first evaporator. The method also includes the steps of enabhng 
the first refiigerant circuit and the second refiigerant circuit in response to a demand 
for humidity control and a demand for cooling, wherein the demand for cooling is one 
of a demand for stage one cooling and a demand for stage two cooling, and enabling 
the hot gas re-heat circuit in response to a demand for humidity control and a demand 
for stage one cooling. 

[0012] Another embodiment of the present invention is directed to a heating, 
ventilation and air conditioning (HVAC) system for an interior space. The HVAC 
system includes a first refiigerant circuit having a first compressor, a first condenser 
and a first evaporator, a second refiigerant circuit having a second compressor, a 
second condenser and a second evaporator, and a hot gas re-heat circuit coimected to 
the first refiigerant circuit. The hot gas re-heat circuit has a re-heat coil positioned 
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adjacent to the first evaporator and is configured, when enabled, to bypass the first 
condenser and to permit refi-igerant to flow fi"om the first compressor through the 
reheat coil to the first evaporator. The HVAC system also includes a control system 
to control operation of the first refiigerant circuit, the second refiigerant circuit and 
the hot gas re-heat circuit. The control system enables the first refiigerant circuit, the 
second refiigerant circuit and the hot gas re-heat circuit in response to demands for 
humidity control and stage one cooling. The control system also enables the first 
refiigerant circuit and the second refiigerant circuit and disables the hot gas re-heat 
circuit in response to demands for hxmiidity control and stage two cooling. 

[0013] One advantage of the present invention is that comfort cooling in the 
interior space is not completely sacrificed when there is a demand for humidity 
control. 

[0014] Another advantage of the present invention is that the use of the re-heat 
coil for additional dehumidification provides greater energy efficiency. 

[0015] Other features and advantages of the present invention will be apparent 
fi-om the following more detailed description of the preferred embodiment, taken in 
conjunction with the accompanying drawings which illustrate, by way of example, the 
principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figure 1 illustrates schematically an embodiment of a heating, ventilation 
and air conditioning system for use with the present invention. 

[0017] Figure 2 illustrates a flow chart detailing the humidity control method of 
the present invention. 

[0018] Wherever possible, the same reference numbers will be used throughout 
the drawings to refer to the same or like parts. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0019] Figure 1 illustrates one embodiment of a heating, ventilation and air 
conditioning (HVAC) system 100 for an interior space. The HVAC system 100 can 
also provide hxmiidity control to the interior space. The HVAC system 100 is 
preferably a two stage cooling system using two compressors 102, 104 to provide two 
(or more) levels of cooling capacity in the interior space. The compressors 102, 104 
can each be a screw compressor, a reciprocating compressor, a scroll compressor, a 
centrifugal compressor or any other suitable type of compressor. The two levels of 
cooling capacity can be obtained by operating either one of the compressors 102, 104 
or both of the compressors 102, 104 depending on the cooling demand. The first level 
of cooling capacity is obtained by operating just one of the compressors 102, 104 
during periods of lower cooling demand and the second level of cooling capacity is 
obtained by operating both of the compressors during periods of higher cooling 
demand. Furthermore, if one or both of the compressors 102, 104 is a variable 
capacity compressor, additional levels of cooling capacity for the HVAC system 100 
can be obtained by operating the compressors 102, 104 at varying levels of 
compressor capacity. 

[0020] The compressor used to provide the first level of cooling capacity can be 
referred to as the primary compressor or the stage one compressor and the compressor 
operated with the primary compressor to provide the second level of cooling capacity 
can be referred to as the secondary compressor or the stage two compressor. To 
simplify the explanation of the present invention and to correspond to the HVAC 
system 100 as shown in Figure 1, compressor 102 will be referred to as the stage one 
or primary compressor and compressor 104 will be referred to as the stage two or 
secondary compressor. It is to be understood that in another embodiment of the 
present invention, compressor 104 can be used as the stage one or primary compressor 
and compressor 102 can be the stage two or secondary compressor. 

[0021] The stage one compressor 102 is preferably operated during times when 
the cooling demand in the interior space is low. As the cooling demand in the interior 
space increases in response to a variety of factors such as the exterior temperature, the 
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Stage two or secondary compressor 104 is started. The operation of the two 
compressors 102 and 104 provides the maximum amount of cooling capacity from the 
HVAC system 100. A control program or algorithm executed by a microprocessor or 
control panel 150 is used to control operation of the HVAC system 100. The control 
program determines when the stage two compressor 104 is to be started in response to 
the higher cooling demand. The control program can receive a variety of possible 
inputs, such as temperature, pressure and/or flow measurements, in order to control 
operation of the HVAC system 100, e.g., for making the determination of when to 
start the stage two compressor 104. It is to be understood that the particular control 
program and control criteria for engaging and disengaging particular components of 
the HVAC system 100 can be selected and based on the particular performance 
requirements of the HVAC system 100 desired by a user of the HVAC system 100. 

[0022] The compressors 102, 104 are each used with a separate refrigeration 
circuit. The compressors 102, 104 each compress a refrigerant vapor and deliver the 
compressed refrigerant vapor to a corresponding condenser 106, 108 by separate 
discharge lines. The condensers 106, 108 are separate and distinct from one another 
and can only receive refrigerant vapor from its corresponding compressor 102, 104. 
The condensers 106, 108 can be located in the same housing, can be positioned 
immediately adjacent to one another or alternatively, the condensers 106, 108 can be 
spaced a distance apart from one another. The positioning of the condensers 106, 108 
can be varied so long as the separate refrigeration circuits are maintained. The 
refrigerant vapor dehvered to the condensers 106, 108 enters into a heat exchange 
relationship with a fluid, preferably air, flowing over a heat-exchanger coil in the 
condenser 106, 108. To assist in the passage of the fluid over and around the heat 
exchanger coils of condensers 106, 108, fans 110 can be used to force air over the 
coils of the condensers 106, 108. The refrigerant vapor in the condensers 106, 108 
imdergoes a phase change to a refrigerant liquid as a result of the heat exchange 
relationship with the air flowing over the heat-exchanger coil. The condensed liquid 
refrigerant from condensers 106, 108 flows to a corresponding evaporator 112, 114 
after passing through a corresponding expansion valve 116. Similar to the condensers 
106, 108, the evaporators 112, 1 14 are separate and distinct from one another and can 
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only receive refrigerant from its corresponding condenser 106, 108. The evaporators 
112, 114 can be located in the same housing, can be positioned immediately adjacent 
to one another or altematively, the evaporators 112, 114 can be spaced a distance 
apart from one another. The positioning of the evaporators 112, 114 can be varied so 
long as the separate refrigeration circuits are maintained. 

[0023] The evaporators 112, 114 can each include a heat-exchanger coil having a 
plurality of tube bundles within the evaporator 112, 114. A fluid, preferably air, 
travels or passes over and around the heat-exchanger coil of the evaporators 112, 114. 
Once the air passes through the evaporators 1 12, 1 14, it is blown by blower 1 18 to the 
interior space via supply duct 120. The hquid refrigerant in the evaporators 112, 114 
enters into a heat exchange relationship with the air passing through and over the 
evaporators 112, 114 to chill or lower the temperature of the air before it is provided 
to the interior space by the blower 118 and the supply duct 120. The refrigerant Uquid 
in the evaporators 112, 114 undergoes a phase change to a refrigerant vapor as a result 
of the heat exchange relationship with the air passing through the evaporators 112, 
114. In addition to cooling the air, the evaporators 112, 114 also operate to remove 
moisture from the air passing through the evaporators 112, 114. Moisture in the air 
condenses on the coils of the evaporators 112, 114 as a result of the heat exchange 
relationship entered into with the refrigerant in the heat-exchanger coil. The vapor 
refrigerant in the evaporators 112, 114 then retums to the corresponding compressor 
102, 104 by separate suction lines to complete the cycle. The conventional HVAC 
system 100 includes many other features that are not shown in Figure 1. These 
features have been purposely omitted to simplify the drawing for ease of illustration. 

[0024] In addition, the HVAC system 100 can include one or more sensors 122 
for detecting and measuring operating parameters of the HVAC system 100. The 
signals from the sensors 122 can be provided to a microprocessor or control panel 150 
that controls the operation of the HVAC system 100 using the control programs 
discussed above. Sensors 122 can include pressure sensors, temperature sensors, flow 
sensors, or any other suitable type of sensor for evaluating the performance of the 
HVAC system 100. 
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[0025] The HVAC system 100 shown in Figure 1 also has a heating mode and a 
ventilation mode. When the HVAC system 100 is required to provide heating or 
ventilation to the interior space, the compressors 102, 104 are shut down and the air 
passes through the evaporators 112, 114 to the blower 118 without any substantial 
change in temperature. The blower 118 then blows the air over a heater 124 located 
in the supply duct 120 or immediately adjacent to the supply duct 120 to heat the air 
to be provided to the interior space for the heating mode. The heater 124 can be an 
electrical heater providing resistance heat, a combustion heater or fiimace burning an 
appropriate fuel for heat or any other suitable type of heater or heating system. In 
addition, the heater 124 can be configured to provide different levels of heating 
capacity depending on the heating demand. For the ventilation mode, the air, e.g. 
outside air, recirculated air or a mixture of outside air and recirculated air, passes 
through the evaporators 112, 114, which are inactivated, and then the blower 118 
provides the air to the interior space through the supply duct 120 without any 
substantial change in temperature. 

[0026] As mentioned above, the HVAC system 100 of Figure 1 can provide 
humidity control to the interior space. In a preferred embodiment, the humidity 
control can be obtained through the use of a hot gas re-heat circuit 126 that is 
coimected to the refrigeration circuit of the first stage compressor 102. The re-heat 
circuit 126 includes a first valve arrangement 128 positioned between the compressor 
102 and the condenser 106, a second valve arrangement 130 positioned between the 
condenser 106 and the expansion valve 116, and a re-heat coil 132 in fluid 
communication with both the first valve arrangement 128 and the second valve 
arrangement 130. The first valve arrangement 128 and the second valve arrangement 
130 are preferably three-way valves, but can be any suitable type of valve or valve 
configuration, e.g. a two-way valve or a check valve configuration, that selectively 
prevents the flow refiigerant in one direction, while selectively permitting refiigerant 
to flow in a second direction. The re-heat coil is also preferably in fluid 
communication with the air exiting evaporator 112 (and possibly, in another 
embodiment of the present invention, the air exiting evaporator 114) and the air 
entering the blower 118. 
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[0027] When HVAC system 100 is in a cooling mode, the first valve arrangement 
128 is configured or positioned to permit refiigerant to flow firom the compressor 102 
to the condenser 106 and the second valve arrangement 130 is configured or 
positioned to permit refiigerant to flow fi-om the condenser 106 to the expansion valve 
116 and the evaporator 112. In contrast, when the HVAC system 100 is in a humidity 
control mode, the first valve arrangement 128 is configured or positioned to permit 
refiigerant to flow from the compressor 102 to the re-heat coil 132 and the second 
valve arrangement 130 is configured or positioned to permit refiigerant to flow from 
the re-heat coil 132 to the expansion valve 116 and the evaporator 112. The re-heat 
circuit 126 is used to bypass the condenser 106, when the HVAC system 100 is in the 
humidity control mode. The re-heat coil 132 then performs the heat exchange 
fimctions of the condenser 106 when the HVAC system 100 is in humidity control 
mode. The first and second valve arrangements 128, 130 can be any type of valve or 
valve configuration that can permit and prevent the flow of refiigerant as described in 
detail above, including an arrangement that uses check valves and "T" fittings in the 
refiigerant lines. 

[0028] The humidity control operation of the HVAC system 100 is also controlled 
by the microprocessor or control panel 150. The control panel 150 receives input 
signals from a controller(s), such as a thermostat or humidistat, indicating a demand 
for cooling, heating, ventilation and/or humidity control. More specifically, the 
control panel 150 can receive input signals indicating a demand for stage one cooling, 
stage two cooling, humidity control, heating, and ventilation. In another embodiment 
of the present invention, the control panel 150 can receive inputs signals indicating a 
demand for stage one heating and/or stage two heating instead of a general signal 
indicating a heating demand. The control panel 150 also receives signals from 
sensors 122 indicating the performance of the HVAC system 100. The control panel 
150 then processes these input signals using the control method of the present 
invention and generates the appropriate control signals to the components of the 
HVAC system 100 to obtain the desired control response to the received input signals. 

[0029] Figure 2 illustrates a flow chart detailing the control process of the present 
invention relating to humidity control in a HVAC system 100 as shown in Figure 1. 
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The humidity control process of Figure 2 can be implemented as a separate control 
program executed by a microprocessor or control panel 150 or the control process can 
be implemented as sub-program in the control program for the HVAC system 100. 
The process begins with a determination of whether the microprocessor or control 
panel has received a himiidity control signal in step 202. The humidity control signal 
is generated by a controller such as a humidistat and indicates that humidity control is 
required in the interior space. If a humidity control signal is not received in step 202, 
the hot gas re-heat circuit 126 is disabled or closed in step 204 and the process is 
ended. The disabling of the hot gas reheat circuit involves positioning the valve 
arrangements 128 and 130 to prevent flow of refrigerant to the hot gas re-heat coil 
132. It is to be understood that even if humidity control is not required, the HVAC 
system 100 can still provide heating, cooling, and ventilation using the control 
program for the HVAC system 100, as discussed above. 

[0030] If a humidity control signal has been received, the process continues to 
step 206 to determine if the HVAC system 100 has received a heating mode signal. If 
the HVAC system 100 has received a heating mode signal in step 206, then primary 
and secondary compressors 102, 104 are disabled and/or shut down in step 208 and 
the hot gas re-heat circuit 126 is disabled as described above in step 204. The process 
then returns to step 202 to determine if a humidity control signal is present. When the 
HVAC system 100 is in the heating mode in response to receiving a heating mode 
signal, the compressors 102, 104 and the hot gas re-heat circuit 126 are disabled 
because the heating of the air by the heater 124 provides adequate dehumidification of 
the air provided to the interior space. If the HVAC system is not in the heating mode 
in step 206, the process advances to step 210 to determine if the HVAC system 100 
has received a cooling mode signal. 

[0031] If the HVAC system 100 has received a cooling mode signal in step 210, 
the compressors 102, 104 are enabled and/or started in step 214. Next, the control 
advances to step 212 to determine if the HVAC system 100 has received a stage one 
cooling mode signal. If the HVAC system 100 has received a stage one cooling mode 
signal, the hot gas re-heat circuit 126 is enabled in step 216 to provide additional 
humidity control to the air provided to the interior space. The hot gas re-heat circuit 
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126 is enabled by positioning the two-way valves 128, 130 to prevent the flow of 
refrigerant to the condenser 106 and to permit the flow of refrigerant through the re- 
heat coil 132 to fiirther dehumidify the air from the evaporator 112. The starting of 
the secondary compressor 104 in step 214 enables evaporator 114 to provide cooling 
to a portion of the air provided to the interior space to satisfy the cooling demand. In 
this mode, the HVAC system 100 can provide both cooling and dehumidification to 
the air to satisfy both cooling demands and humidity control demands. 

[0032] If the HVAC system 100 has not received a stage one cooling mode signal 
in step 212, then the HVAC system 100 is requiring stage two cooling mode operation 
and both primary and secondary compressors 102, 104 are to be operated to provide 
cooling to the interior space. The hot gas re-heat circuit 126 is disabled in step 204 
after the determination in step 212 indicates the need for stage two cooling and the 
process proceeds to the beginning to check for a humidity control signal in step 202. 
Humidity control using the hot gas re-heat circuit 126 is not provided when the 
HVAC system 100 is providing stage two cooling. The operation of the evaporators 
112, 114 to cool the air, provides some dehumidification of the air to the interior 
space. Once the demand for stage two cooling is lowered or reduced to only require 
stage one cooling, the hot gas re-heat circuit 126 can be enabled to provide 
dehumidification as discussed in greater detail above with regard to steps 212-216. 

[0033] Referring back to step 210, if the HVAC system 100 has not received a 
cooling mode signal, then the HVAC system 100 requires only humidity control. To 
provide humidity control, the primary compressor is enabled and/or started in step 
222 and the hot gas re-heat circuit 126 is enabled in step 216 to provide humidity 
control to the air for the interior space. In another embodiment of the present 
invention, the control process can engage the blower 118 in conjunction with one or 
more of the operational modes of the HVAC system 100, i.e., the humidity control 
mode, cooling modes and heating mode. 

[0034] Humidity control using the hot gas re-heat circuit 126 and re-heat coil 132 
can be provided when the HVAC system 100 receives a humidity control signal and 
receives a stage one cooling mode signal, a ventilation demand signal for the 
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ventilation mode discussed in detail above or is not in operation. By not engaging the 
hot gas re-heat circuit 126 for humidity control except for the above mentioned 
modes, the humidity control method of the present invention can balance the need for 
cooling with the need for humidity control. 

[0035] In another embodiment of the present invention, the user of HVAC system 
ICQ can view the control panel 150 to determine the particular humidity control mode. 
For example, if an LED on the control panel is flashing two times, then the HVAC 
system 100 can be in humidity control mode without any demand for cooling. 
However, if the LED on the control panel is flashing three times, then the HVAC 
system 100 can be in a humidity control mode while there is a demand for comfort 
cooling. It is to be understood that the display method on the control panel 150 of the 
humidity control mode can be modified for the particular requirements or needs of the 
user. 

[0036] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements thereof without departing 
from the scope of the invention. In addition, many modifications may be made to 
adapt a particular situation or material to the teachings of the invention without 
departing from the essential scope thereof Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed as the best mode contemplated 
for carrying out this invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. 
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